Renin, a highly specific aspartic proteinase originated from kidney, is a ratelimiting enzyme in renin-angiotensin system. Recently, we developed effective expression system for recombinant human (rh) renin using baculovirus-insect cell expression system, and simple and rapid assay method for rh-renin using internally quenched fluorogenic (IQF) substrate. Using the purified rh-renin and the IQF substrate, we constructed rapid and sensitive renin inhibitor screening system. Using the system, we found renin inhibitors in various foodstuffs. The isolation and characterization of renin inhibitors from soybean, rice, and wild vegetables and structure-function relationship of the inhibitors are also discussed.
Introduction
Renin-angiotensin system (RAS) is one of the most important blood pressure control system in mammals. Renin catalyzes liberation of angiotensin I (AI) from plasma substrate angiotensinogen.
AI is an inactive peptide and activated by angiotensin I converting enzyme (ACE).
ACE cleaves C-terminal dipeptide from
AI and produces active octapeptide 
Expression of recombinant human renin in Sf-9 insect cells
The expression of rh-prorenin was first demonstrated in Escherichia coli cell [2] . The expressed rh-prorenin formed inclusion bodies and was difficult to refold.
Recently, we expressed rh-prorenin in E.
coli cells as a fusion protein with thioredoxin and the expressed rh-prorenin was refolded systematic dialysis and
Fig. 1. Renin-angiotensin system (RAS).
Renin is synthesized mainly in the juxtaglomerular cells in the kidney cortex. The synthesized renin was released into the circulation by several stimuli. Renin catalyzes the liberation of angiotensin I from plasma substrate angiotensinogen. Thus, renin is the rate-limiting enzyme in RAS.
activated by trypsin [3] . The active rhrenin was used for the screening of renin inhibitors and found that commercially available fermented soybean, miso contained renin inhibitory activity [3] . On the other hand, expression of rh-prorenin or rh-renin in mammalian and insect cells has been reported [4] [5] [6] [7] [8] [9] . In these cases, 
Renin inhibitor in soybean
Using the rh-renin as target enzyme, IR spectra (Fig. 3) , [16] . Table I .
Soyasaponin I also inhibited porcine renin activity with an IC50 value of 30 μg/ml.
Soyasaponin I weakly inhibited porcine pepsin or cysteine proteases, papain and bromeline, and had no effect on serine proteases or metallo proteinases. These results clearly indicate that soyasaponin I is a renin-specific inhibitor in soybean.
The effects of soyasaponin on blood pressure of spontaneously hypertensive rats (SHR) were also investigated [20] . On the other hand, sapogenols (soyasapogenol B from soybean ( Fig. 3 ) and glycyrrhetic acid from licorice root), saikosaponins b2 and c (from bupleurum root), and ginsenoside Rb1 (from ginseng root) had no effects on rh-renin activity.
These results clearly indicate that the 3-O-β-D-glucopyranosiduronic acid moiety in
saponins is essential for renin inhibition.
Renin inhibitor from rice
We found rh-renin inhibitory activity in cooked rice after screening several foodstuffs. Therefore, we tested the effects of local cultivar rice extracts on rh-renin activity. Table II shows the effects of methanol extracts of various nonglutinous rice strains cultivated in Akita Prefecture on rh-renin activity [22] .
All of the rice extracts tested inhibited rh- These results indicate that free unsaturated fatty acids inhibited rh-renin activity.
In connection with these results, the effects of circulating natural lipids on human plasma renin activity have been reported [23, 24] . Kotchen et al. found that acetone soluble lipid extracts from human plasma inhibit the in vitro renin activity [23] . Furthermore, they isolated a renin inhibitor from human plasma by affinity chromatography using mouse submaxillary grand renin as a ligand and concluded that circulating linoleic acid inhibits renin activity [24] . The effects of n-3 polyunsaturated fatty acids (PUFAs) on a model of human renin hypertension had also been reported [25] . Fischer et al. 
Renin inhibitor from cereals
We further screened for renin inhibitory activity in various types of rice and cereals and found renin inhibitory activity in rice and some cereals [27] . At the beginning, we tested the effects of glutinous, sake, and Indica rice extracts on rh-renin activity to understand the existence of renin inhibitor in rice universally. Table 3 These results clearly showed that glutinous rice extracts had higher renin inhibitory activity than other rice extracts.
Cereals are staple food in many countries around the world including Japan. Table 4 shows effects of methanol extracts of various cereals on rh-renin activity. Flour for bread and weak flour were also used as a control. Among 
Renin inhibitor from wild vegetables
We tested renin inhibitory activity of methanol extracts from 34 wild vegetables grew in Akita prefecture [28] . Table 5 shows summary of inhibition of proteases by KA and PDA.
KA and PDA strongly inhibited rh-renin and porcine renin activities. Both compounds also weakly inhibited bromeline. But they had no effect on other proteases. These results indicate that KA and PDA are renin-specific inhibitor from
A. cordata.
Conclusion
In this study we isolated several 
